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CHARACTERIZATION OF BIOCHEPS 
CONTAINING SELF- ASSEMBLED MONOLAYERS 

This application is a continuation of U.S. provisional application 60/393,896, filed 
July 5, 2002, the contents of which is incorporated herein by reference in its entirety. This 
5 application cl aims priority to that provisional. 

This work was supported in part by DARPA (N00 173-01-1 -GO 10). The 
government may have certain rights in this application. 

BACKGROUND OF THE INVENTION 

Mass spectrometry (MS) is an important technique for characterizing the structures 

10 of surfaces and has several characteristics that are valuable in bioanalytical applications. In 
biochip and microarray applications, for example, MS offers the significant advantage that 
it does not require analytes to be labeled — either by direct attachment of fluorescent and 
radioactive labels or by binding of antibodies — and therefore offers greater flexibility in 
experiments. [1_4] Yet, MS remains a secondary option to the use of fluorescence and 

15 radioactivity for characterizing biochips, in part because many early studies have used 
home-built instrumentation and sophisticated protocols for data analysis. [5_9] Matrix- 
assisted laser desorption / ionization and time of flight mass spectrometry (MALDI-TOF 
MS), when combined with self-assembled monolayers (SAMs) that are tailored for 
biological applications, is well suited for characterizing biological activities as illustrated 

20 by the following examples that characterize the immobilization of ligands, the selective 
binding of proteins, and the enzymatic modification of immobilized molecules. 
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MALDI-TOF has been used for many years to identify peptides, proteins, 
carbohydrates and nucleic acids. In practice, aqueous samples are mixed with low 
molecular weight matrix molecules and dried on a metallic substrate prior to the MS 
analysis. Although MALDI MS is superior to other MS methods for analyzing biological 
5 complex, the presence of many components still leads to complicated spectra, which 
requires sophisticated analysis to identify specific analytes. Biochip applications, which 
rely on specific interactions of soluble and immobilized biomolecules, can avoid this 
limitation since only active components are retained on the substrate prior to MS analysis. 

[10-16] 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides SAMs that are engineered to give specific 

interactions with biomolecules, and therefore adds substantial flexibility to the use of 
MALDI in biochip applications. The SAMs of the present invention are inert to the non- 
specific adsorption of biomolecules 

The SAMs of the present invention can have an overlaying layer with a plurality 
of openings, allowing multiple assays to be conducted thereon. 

The SAMs of the present invention can be used in a variety of assays, including 
assays for biomolecular binding and enzymatic activity. The assay for enzymatic activity 
can be run with the enzyme ligand bound to the SAM. Alternatively, the enzyme ligand 
can be in the solution phase and after the assay is performed can be immobilized onto the 
SAM. 

The present invention also provides kits for use in the assays described herein. 



BNSDOCID: < W O 20040059 1 BA2J _> 



WO 2004/005918 



PCT/US2003/021224 



3 

These and other inventions related to the SAMs of the present invention are 
described in detail below. 

BRIEF DESCRIPTION OF THE FIGURES 

5 FIG 1 is a MALDI spectra of a monolayer presenting tri(ethylene glycol) groups 

(A) and a mixed monolayer presenting tri(ethylene glycol) groups and the peptide 
KPHSKN-NH 2 (B). The structure of each monolayer is shown above the spectrum. The 
principle peaks correspond to the symmetric glycol-terminated disulfide (m/z 693.8), the 
mixed peptide-terminated disulfide (m/z 1603.1) and the peptide-terminated alkanethiolate 

10 (m/z 1270.2). 

FIG 2(A) is a MALDI spectrum of a mixed monolayer presenting penta(ethy4ene 
glycol) groups and maleimide groups shows a peak for the mixed disulfide (m/z 1094.6). 
FIG 2(B) is the MALDI spectrum of the monolayer after treatment with the cysteine- 
terminated peptide Ac-IYAAPKKKC-NH 2 shows mass peaks corresponding to 
15 immobilization of the peptide. The structure of each monolayer is shown above the 
spectrum. 

FIG 3(A) is a monolayer presenting the carbohydrate oc-mannose was treated with 
an aqueous solution containing the lectin from Vicia Sativa (0.5 mg/ml in phosphate 
buffer, pH = 6.8), rinsed, and then analyzed by MALDI. FIG 3(B) is a spectra where the 
20 peaks at m/z 21.8 KD and 10.9 KD correspond to the double and tetra-ionized lectin and 
demonstrate that monolayers can be used to identify selective biomolecular binding 
interactions. 
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FIG 4(A) is a biochip analyzed by MALDI to reveal a peak at m/z 1210.9 for the 
mixed disulfide (B). After the monolayer was treated with the enzyme GalTase to 
introduce a terminal galactose residue, a MALDI spectrum revealed a new peak at m/z 
1373.2 corresponding to the disaccharide product (C). Treatment of this monolayer with 
5 the enzyme galactosidase removed the terminal galactose, with regeneration of the 
GlcNAc group (D). MALDI was used to determine the time-dependence of the enzymatic 
galactosylation (E), demonstrating that this technique can provide kinetic information on 
biological activities. 

FIG 5(A) is a biochip presenting a peptide ligand that is enzymatically modified 
10 by the anthrax lethal factor protease. FIG 5(B) is a MALDI-TOF spectrum of this 
monolayer. FIG 5(C) is a MALDI-TOF spectrum of this monolayer after treatment with 
lethal factor protease. FIG 5(D) illustrates the procedure for applying multiple reaction 
mixtures to a single substrate and rinsing the reaction mixtures from the substrate. FIG 
5(E) shows representative mass spectra for spots representing distinct reaction mixtures. 
15 One of the eight spots shows a lack of peptide cleavage, denoting the presence of an 
inhibitor of LF in the reaction mixture. 

FIG 6(A) A monolayer presenting maleimide groups is used to immobilize a 
peptide which is enzymatically modified by the methyl transferase PRMT1 to yield a 
SAM presenting peptide (FIG 6B). FIG 6(C) A MALDI-TOF spectrum of this SAM. 
20 FIG 6(D) The peptide, dissolved in solution, is treated with the PRMT1 enzyme to yield a 
dimethylated peptide. FIG 6(E) The dimethylated peptide is immobihzed to a SAM 
presenting maleimide groups. FIG 6(F) A MALDI-TOF spectrum of this SAM shows the 
presence of the enzymatically modified peptide. 
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FIG 7 A time course for the enzymatic modification of a peptide by PRMT, as 
described in FIG 6. Each mass spectrum corresponds to a single time of reaction of the 
peptide and enzyme, and reveals the kinetic profile for the enzymatic reaction. 

FIG 8 A quantified plot of the data shown in FIG 7. The unmodified peptide 
5 ligand is consumed during the reaction. The monomethylated peptide is present at a low 
fraction during the reaction. The dimethyiated peptide product accumulates during the 
enzymatic reaction. 

SUMMARY OF THE INVENTION 
10 Biochips 

The biochips of the present invention comprise self-assembled monolayers of 
alkanethiolates on a suitable metal surface (SAMs). The synthesis of SAMs is well 
known in the art (See, for example, U.S. published applications 20020119305 and 
20020119054). 

15 The metal surface is preferably silver, copper or gold or alloys thereof. Preferably 

the metal surface is gold. 

The surface may be on a substrate. The substrate may have the same composition 
as the surface (for example a gold surface on a gold plate), or the surface may be, for 
example, a film, foil, sheet, or plate, on a substrate having a different composition. The 

20 substrate may be any material, such as metal, metal oxide, glass, ceramic, plastic, or a 
natural material such as wood. Examples of substrates include glass, quartz, silicon, 
transparent plastic, aluminum, carbon, polyethylene, polypropylene, sepharose, agarose, 
dextran, polysytrene, polyacrylamide, a gel, and porous materials. 
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The surface material may be attached to the substrate by any of a variety of 
methods. For example, a film of the surface material may be applied to the substrate by 
sputtering or evaporation. If the surface material is a foil or sheet, it could be attached 
with an adhesive. Furthermore, the surface need not completely cover the substrate, but 
5 may cover only a portion of the substrate, or may form a pattern on the substrate. For 
example, sputtering the substrate, covering those portions of the substrate where no 
surface material is desired, may be used to pattern portions of the substrate. These patterns 
may include an array of regions containing, or missing, the surface material. 

The methylene chain in the alkanethiolate can vary and is typically from 5 to 30 

10 units, preferably 10-16. Alkanethiolates can be synthesized via reagents and reactions 
well know in the art, such as those described in "Advanced Organic Chemistry" J. March 
(Wiley & Sons, 1994); and "Organic Chemistry" 4 th ed., Morrison and Boyd (Allyn and 
Bacon, Inc., 1983). The SAMs of the invention can be formed from alkanethiols, or , 
dialkyldisulfldes. In both cases, the sulfur atom coordinates to the metal. The 

15 polymethylene chain is in an extended conformation. The SAMS can be prepared by 
immersing the metal in solutions containing the alkanethiol or dialkyldisulfldes. The 
density of alkanethiolates on the metal surface is about 10 10 molecules/cm 2 . 

SAMs which are inert to the non-specific adsorption of biomolecules can be 
formed from a variety of functionalized alkanethiols, including those that are terminated 

20 in the oligo(ethylene glycol) group, the mannitol group, the oligo(propylene sulfoxide) 
group and others. Syntheses of functionalized alkanethiols are described, for example, in 
U.S. published applications 20020119305 and 200201 19054). "Non-specific adsorption" 
refers to the adsorption of a protein onto a surface by an interaction other than a ligand / 
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receptor interaction. The inertness of the SAMs maximizes the activity of the 

n 7-221 

immobilized ligand and reduces false signals due to non-specific interactions. 

When the alkanethiol is terminated with oligo(ethylene glycol) groups, the 
oligo(ethylene glycol) oligomer preferably contains 3 to 7 units. When the alkanethiol is 
5 terminated with oligo(propylene sulfoxide) group, the oligo(propylene sulfoxide) 
oligomer preferably contains 3 units. 

In applications in which the ligand is immobilized onto the SAM, the ligand can 
be immobilized using a variety of coupling strategies, including cycloaddition reactions, 
condensation reactions (such as those between amines and carboxylic acids, amines and 

10 aldehydes, etc.), reactions between thiols and maleimide, reactions between thiols and <x- 
haloketones, reactions between thiols and activated sulfides (to yield a disulfide linked 
ligand), etc. Alternatively, ligands can be immobilized onto the SAM via a reaction of a 
protein with a ligand (e.g. GST binding glutathione) or with an irreversible ligand, such as 
disclosed in U.S. published patent application 20030119054. 

15 Suitable ligands which can be immobilized onto the surface of the SAMs of the 

present invention include biomolecules (such as peptides, proteins, carbohydrates, 
oligosaccharides, oligonucleotides, antibodies, Fab fragments, etc.) or non-natural 
compounds (such as small molecules, chelating molecules, drugs, peptidomimetics, 
nucleic acid analogs, antibody mimics, imprinted polymers, etc.). 

20 The SAMs of the present invention present ligands at low densities (< 20%). From 

between about 0.001% to 20%, preferably from between about 0.5 to 5%, of the 
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alkanethiols on the SAM present the ligand. The remaining alkanethiols are terminated as 
described above in order to render the metal surface inert to non-specific adsorption. 
MALDI-TOF MS 

Matrix-assisted laser desorption / ionization and time of flight mass spectrometry 

5 (MALDI-TOF MS) can be used to characterize SAMs. One example is provided below. 

In general, a SAM is provided. Optionally, a matrix can be applied to the SAM, 
and preferably is. Suitable matrices which can be used in this invention are known in the 
art, and include, for example, substituted benzoic acids. One preferred matrix is 2,5- 
dihydroxyl benzoic acid. The matrix can be applied by delivering a solution containing 

10 the matrix to the metal surface. The concentration of the matrix can vary; typically it is 
between 1 and 50 mg/mL. The solvent can vary; typically it is acetonitrile or an alcohol 
(such as ethanol, methanol, isopropanol, etc.). 

Figure 1 shows a spectrum of a monolayer prepared from tri(ethylene glycol)- 
terminated alkanethiol and shows a single intense peak at m/z 693.8. This mass 

15 corresponds to the sodium adduct of the symmetric disulfide (Figure 1 A), [24J and agrees 
with previous reports that predominantly observe molecular ions of disulfides from 
alkanethiolate SAMs. [7 ' 91 A MS spectrum of a monolayer presenting a mixture of 
tri(ethylene glycol) groups and the hexapeptide KPHSRN-TVH? (in a ratio of 19:1) reveals 
an intense peak that corresponds to the symmetric disulfide terminated with glycol groups 

20 (m/z 693.9) and a second peak for the mixed disulfide presenting one glycol group and 
one peptide (m/z 1603.1) (Figure IB). 1251 The small peak at m/z 1270.2 is due to the 
peptide-terminated alkanethiol. 
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MALDI MS can also be applied to characterizing the immobilization of 
biomolecules to S AMs. Figure 2A shows a MS spectrum for a SAM presenting maleimide 
and penta(ethylene glycol) groups (in a ratio of 1 :4). The spectrum shows the expected 
peaks for the symmetric glycol-substituted disulfide {m/z 869.7) and for the mixed 
5 disulfide containing one maleimide group (m/z 1094.6). The monolayer was treated with 
an aqueous solution containing the cysteine-terminated peptide AC-JYAAPKKKC-NH2 (2 
mM) for 2 hours, rinsed and then analyzed by MS. The absence of the peak at m/z 1094.6 
shows that the maleimide group had reacted under these conditions and the two new peaks 
at m/z 1732.7 and 2155.7 represent the products resulting from Michael addition of the 

1 0 cysteine-terminated peptide with the maleimide group (Figure 2B). These peaks represent, 
respectively, the peptide-terminated alkanethiol and the mixed disulfide. 

The following examples demonstrate that the combination of MALDI-TOF and 
glycol-terminated SAMs is well suited for the types of assays that are implemented with 
biochips. In the first example, a monolayer presenting the carbohydrate a-mannose and 

1 5 tri(ethylene glycol) groups (in a ratio of 1 : 4) was treated with a solution of the lectin from 
Vicia Sativa (molecular weight —43 KD, 0.5 mg/ml in phosphate buffer, pH = 6.8) for 30 
minutes and then rinsed with distilled water (Figure 3A). A solution of sinapinic acid (a 
common matrix in MALDI) in acetonitrile-0.1% trifluoroacetic acid~H 2 0 (10 mg/ml) was 
applied to the monolayer and allowed to evaporate prior to MALDI analysis. The 

20 spectrum in Figure 3B reveals peaks corresponding to the multiply ionized lectin, 
demonstrating that MALDI can directly observe proteins that have bound to ligands 
immobilized to monolayers. Identical experiments with monolayers presenting either fi-N- 
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acetylglucosamine (/J-GlcNAc), which is not a substrate for this lectin, or monolayers 
presenting only glycol groups gave no peaks in this mass range, demonstrating that the 
' protein association with the monolayer was biospecific. 

In the second example, MALDI was used to characterize the enzymatic 
5 modification of an immobilized ligand (Figure 4A). A monolayer presenting the 
carbohydrate /?-GlcNAc and tri(ethylene glycol) groups (in a ratio of 1:4) was prepared. 
MALDI showed a single intense peak at m/z 1210.9, corresponding to the mixed disulfide 
containing a single GlcNAc group (Figure 4B). This monolayer was then treated with a 
HEPES buffer (50 mM, pH = 7.5) containing ^1,4-galactosyltransferase (GalTase, 250 

10 mu/ml), MnCl 2 (10 mM) and uridine diphosphogalactose (UDP-Gal, 20 \xu) for 1 hour at 
20°C and then rinsed. Analysis by MALDI showed a single intense peak at m/z 1373.2, 
corresponding to the disaccharide product JV-acetyUactosamine (LacNAc) that results 
from enzymatic galactosylation of GlcNAc (Figure 4C). The absence of a peak at m/z 
1210.9 demonstrates that the enzymatic reaction had gone to completion. This substrate 

1 5 was treated with a solution containing the enzyme galactosidase (25 U/ml), MgCk (1 mM), 
KC1 (10 mM) and ^mercaptoethanol (50 mM) in phosphate buffer (pH = 7.0) for 8 hours 
at 37°C. MALDI revealed that the LacNAc was enzymatically converted to GlcNAc in 
quantitative yield (Figure 4D). Control experiments show that treatment of monolayers 
presenting a-mannose with either GalTase or galactosidase had no effect, again 

20 demonstrating the specificity intrinsic to this class of SAMs. 

In a final example, the combination of MALDI-TOF MS and SAMs was used to 
demonstrate that kinetic data can be provided for biological inter actions, on chips. The 
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time-dependence of the interfacial galactosylation was investigated by treating identical 
SAMs presenting >#-GlcNAc with GalTase as described above for periods of time ranging 
from 0 to 20 minutes. The monolayers were each rinsed, dried, and _analyzed by MALDL 
We calculated the yield for enzymatic conversion on each chip by taking a ratio of the 
5 peak height for LacNAc relative to the combined peak heights for LacNAc and GlcNAc 
(yield = Hl/[Hl+H g ]). [26] Figure 4E demonstrates that the yield increased smoothly with 
time and reached a plateau at complete conversion. This result indicates that MALDI has 
the characteristics required for kinetic analysis of interfacial reactions. 

The most significant result of this work is that a commercial instrument for 

10 MALDI-TOF MS, when combined with self-assembled monolayers engineered for 
bioanalytical applications, is a very effective technique for characterizing biological 
activities, at interfaces. This finding can be exploited for a range of purposes, but in 
particular for examining biochips. The recent development of strategies that use self- 
assembled monolayers for the preparation of peptide, protein and carbohydrate arrays 

15 makes this technique immediately applicable. [22 ' 21 ' 281 The use of MALDI in these 
applications is significant because this method can identify unexpected biological 
activities while current methods for characterizing biochips require preliminary 
knowledge of the activity to be identified. Fluorescence detection of antibodies that bind 
to arrays, for example, will only identify activities that affect the presence of antigen. 

20 MS, by. contrast, will identify any change in mass at the interface — whether due to 
binding of a protein or modification by an enzyme — and hence can discover unanticipated 
activities. These properties, together with the widespread availability of the commercial 
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instruments, can be used to make MALDI an extensive and dominant technique for 
application in bioanalytical and surface chemistry. 

Assays 

5 The biochips of the present invention can be used to assay for a variety of 

biomolecules using MALDI-TOF MS. 

The biochips of the present invention can also be used in high throughput screens 
(HTS). In HTS for protein binding, a plurality of biochips presenting different ligands 
can be used. Alternatively, a biochip presenting different ligands can be used. Preferably, 
1 0 a biochip presenting different ligands in isolated regions on the biochip is used. 

In HTS for enzymatic activity, it is preferable to use a biochip presenting a ligand 
in isolated regions on the biochip. In this embodiment, the enzyme and candidate 
inhibitor are contacted with discrete regions of the biochip. 

Biochips with physically separated regions are described below. 
15 Matrices which can be used in the assay of the present invention are the same 

matrices described above for MALDI-TOF MS. 
Biomolecular Binding Assays 

The method of the present invention involves providing a SAM that is capable of 
covalently binding a biomolecule, contacting the SAM with a sample which may contain 
20 the biomolecule, rinsing the SAM, optionally applying a matrix, and analyzing the matrix 
with MALDI-TOF MS. 

In general, the SAM of the present invention presents a ligand that specifically 
binds the biomolecule (such as those described above, preferably proteins). "Specific 
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binding" refers to the association of a ligand with a biomolecule to form an intermolecular 
complex. In one embodiment, the monolayer can present a carbohydrate that binds to a 
protein (such as a lectin) as exemplified below. Other interactions include 
antigen/antibody, antigen/Fab fragment, peptide/protein, non-natural molecule protein, 
5 oligonucleotide/oligonucleotide, protein/oligonucleotide, phosphopeptide/protein, 
phosphopeptide/antibody. 

Suitable samples which can be assayed using the present invention can vary. 
Exemplary samples include solutions which may contain a biomolecule, such as cell 
lysates, blood samples, tissue samples, chromatography fractions, reaction mixtures, etc. 

1 0 The volume of the sample applied to the biochip will vary depending on the binding 

affinity and association rate constant of the biomolecule for the ligand presented by the 
SAM. Typically, ligand/biomolecule pairs having equilibrium association constants of 
about 10 4 M" 1 or greater can be detected. 
Enzyme Activity Assays 

1 5 The method of the present invention involves providing a SAM that presents a 

ligand capable of undergoing an enzymatic modification, contacting the SAM with a 
sample containing an enzyme, rinsing the SAM, optionally applying a matrix, and 
analyzing the matrix with MALDI-TOF MS. 

In general, the SAM of the present invention presents a ligand capable of 

20 undergoing an enzymatic modification, such as a protein, peptide, carbohydrate, 
metabolite, non-natural molecule, lipid, etc. Examples of enzymatic modifications 
include an modification that results in a change in the mass of the ligand immobilized to 
the SAM. Exemplary modifications include acyl transfer, proteolysis, phosphorylation, 
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glycosylation, oxidations, reductions, dehydrogenations, hydroxylations, eliminations, 
decarboxylations, carboxylations, aldol condensations, Claisen condensations, 
■methylations, demethylations, etc. 

The enzyme is contacted with the SAM presenting the ligand for a time sufficient 
5 to allow the enzyme to modify the ligand. Times may vary. Indeed, an analysis of the 
time dependent yields of the modified ligand can provide kinetic information on enzyme 
activity. Other reaction conditions can also vary, including temperature, solvent, buffer, 
etc. 

The assays of the present invention can also be used to study inhibitors of the 
10 enzyme. In this embodiment, the SAM presenting the ligand would be contacted with the 
enzyme and the putative inhibitor. 

Solution phase enzvmatic assays 

In applications where it is desirable to first react the ligand and enzyme in solution 
(versus an immobilized ligand), it is possible to use the S AMs of the present invention. In 

15 a first embodiment (exemplified below), the enzyme and ligand are first contacted in 

solution and then applied to a SAM presenting a group that can selectively immobilize the 
ligand (in modified or unmodified form or mixtures). For example, a SAM presenting a 
maleimide is contacted with a solution containing a cysteine terminated peptide (where 
the peptide had previously been enzymatically modified in solution), the SAM rinsed to 

20 remove non-immobilized reactants, and analyzed by MALDI-TOF. 

In a second embodiment, the SAM is functionalized with a group which can be 
activated/deactivated. In this embodiment, the enzyme and ligand are first contacted in 
solution and then applied to a SAM presenting a group that can be activated. Upon 
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activation, the SAM immobilizes the ligand (in modified or unmodified form or 
mixtures). The SAM can be activated electrically, photolytically, chemically, 
enzymatically, thermally, etc. For example, a SAM presenting a hydroquinone group can 
be used to immobilize peptides modified with a diene. Upon activation with an electrical 
5 potential, the hydroquionone converts to benzoquinone which then selectively reacts with 
the diene in the peptide to immobilize the peptide (See, for example, M. N. Yousaf, B. T. 
Houseman and M. Mrksich Angew. Chem. Int. Ed., 2001, 40, 1093-1096). 

Biochips with discrete regions 

10 The biochips of the present invention can optionally include an overlaying layer 

with one or more holes. This layer, when present, allows discrete regions of the biochip 
to be modified. For example, in HTS for enzyme inhibitors, a SAM presenting a single 
ligand and an overlaying layer with 96 holes, so that it resembles a microliter plate. Each 
ct well" (formed by a hole in the overlaying layer) could be contacted with a solution of 

1 5 enzyme and a different putative inhibitor. Following modification, the overlaying layer 
could be removed so that the SAM could be assayed using the MALDI-TOF techniques 
described above. 

The overlaying layer can be composed of a variety of materials, including plastics, 
elastomers, composites, etc. The overlaying layer can be attached to the SAM through. 
20 direct physical contact or via an adhesive layer. 

EXAMPLES 
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The following examples describe the uses for ligand-modified self-assembled 
monolayers. 

Example 1 

5 Protein Binding of Con A to Mannose 

The following example demonstrates that the combination of MALDI-TOF and 
S AMs presenting ligands and that are otherwise inert is well suited for assays that use 
biochips to identify proteins in a sample. The strategy uses a SAM presenting a ligand 
that selectively binds to a protein in order to selectively bind the protein from a sample. 

1 0 Following rinsing of the chip to remove the solution and species that are not bound by the 
SAM, the SAM is analyzed by MALDI-TOF to identify the bound protein. This strategy 
can be applied to a broad range of analytes for which a selective ligand is available. In 
one example, a SAM presenting the carbohydrate a-maionose and tri(ethylene glycol) 
groups (in a ratio of 1 :4) was treated with a solution of the lectin from Vicia Sativa 

1 5 (molecular weight -43 KD ? 0.5 mg/ml in phosphate buffer, pH « 6.8) for 30 minutes and 
then rinsed with distilled water (Figure 3 A). A solution of sinapinic acid (a common 
matrix in MALDI) in acetonitrile-0.1% trifluoroacetic acid-H 2 0 (10 mg/ml) was applied 
to the SAM and allowed to evaporate prior to MALDI analysis. The spectrum in Figure 
3B reveals peaks corresponding to the multiply ionized lectin, demonstrating that MALDI 

20 can directly observe proteins that have bound to ligands immobilized to SAMs. Identical 
experiments with SAMs presenting either ^Af-acetylglucosamine 0#-GlcNAc), which is 
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not a ligand for this lectin, or SAMs presenting only glycol groups gave no peaks in this 
mass range, demonstrating that the protein association with the SAM was biospecific. 

Example 2 - Carbohydrate Modifying Enzyme 

5 In another example, MALDI-TOF was used to characterize the enzymatic 

modification of an immobilized ligand (Figure 4A). A SAM presenting the carbohydrate 
y^GlcNAc and tri(ethylene glycol) groups (in a ratio of 1 :4) was prepared. Analysis of 
this SAM by MALDI-TOF showed a single intense peak at m/z 1210.9, corresponding to 
the mixed disulfide containing a single GlcNAc group (Figure 4B). This SAM was then 

10 treated with a HEPES buffer (50 mM, pH = 7.5) containing J3-\ ,4-galactosyltransferase 
(GalTase, 250 mu/ml), MnCl 2 (10 mM) and uridine diphosphogalactose (UDP-Gal, 20 
|lim) for 1 hour at 20°C and then rinsed. Analysis by MALDI-TOF showed a single 
intense peak at m/z 1373.2, corresponding to the disaccharide product N- 
acetyllactosamine (LacNAc) that results from enzymatic galactosylation of GlcNAc 

15 (Figure 4C). The absence of a peak at m/z 1210.9 demonstrates that the enzymatic 

reaction had gone to completion. This SAM was then treated with a solution containing 
the enzyme galactosidase (25 u/ml), MgCi 2 (1 mM), KC1 (10 mM) and /?-mercaptoethanol 
(50 mM) in phosphate buffer (pH = 7.0) for 8 hours at 37°C. MALDI revealed that the 
LacNAc was enzymatically converted to GlcNAc in quantitative yield (Figure 4D). A 

20 time course of this reaction shows that MALDI-TOF provides kinetic information (Figure 
4E). Control experiments show that treatment of SAMs presenting a-mannose with either 
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GalTase or galactosidase had no effect, again demonstrating the specificity intrinsic to this 
class of SAMs. 

Example 3 - Chemical Screening 

5 The ability to conduct enzymatic activity assays without the need to use 

chromatography or other purification strategies to prepare the sample for analysis by 
MALDI-TOF makes this technique well-suited for chemical screening programs. Here, 
chemical screening refers to the evaluation of many compounds (from 100 to 10,000,000) 
in a biological assay to identify compounds that act as agonists or antagonists for specific 

10 proteins or enzymes. One example applied this strategy to identify antagonists of the 

anthrax lethal factor (LF) protease. The assay for LF uses a SAM that presents a peptide 
against a background of tri(ethylene glycol) groups (Figure 5 A) The SAMs were 
prepared by immersing gold coated glass cover slips in an ethanolic solution containing a 
maleimide-terminated disulfide and a tri(ethylene glycol)-terminated disulfide to generate 

1 5 maleimide functionalized SAMs, using methods reported in a recent publication (B. T. 
Houseman, E. S. Gawalt and M. Mrksich Langnmir, 2003, 19, 1522-1531). A cysteine- 
terminated peptide ligand for LF was immobilized by spotting the peptide solution (1 mM 
in pH 7.0 Tris Buffer) on the monolayer for 30 minutes at 37 °C in a humidified chamber. 
(IS). The peptide is a ligand that is enzymatically modified by LF and is cleaved by the 

20 enzyme at the proline residue {15). The glycol groups serve to prevent non-specific 

adsorption of protein to the surface and ensure that all the peptides remain available for 
interaction with the enzyme (16, 1 7). Analysis of the substrate with a commercial 
instrument for MALDI-TOF showed two mass to charge peaks, corresponding to the 
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peptide-terminated alkanethiol (sodium adduct, m/z = 2794) and the disulfide substituted 
with one peptide and one glycol group (sodium adduct, m/z = 3130) (Figure 5B) (18). 
The well-defined surface chemistry and the lack of fragmentation of molecules are both 
important to giving clear and easily interpreted spectra. When this substrate was treated 
5 with LF and rinsed, MALDI-TOF revealed that these two peaks were absent and gave rise 
to two new peaks corresponding to proteolysis of the peptide (sodium adducts for both 
peaks, m/z = 1859 and 2195)(Figure 5C). LF was purchased from List Biological 
Laboratories and stored as recommended by the provider. The assay buffer for enzyme 
reactions was 25 mM HEPES at pH 7.0 containing 10 mM NaCl, 5 mM MgCl 2> 50 |iM 

1 0 CaCl 2 , and 50 ZnCl 2 .)- 

The assay described above was applied to screen a library of 10,000 molecules to 
identify inhibitors of LF (Figure 5D) (20). Cocktail solutions containing LF (200 nM) 
and eight compounds from the library (with each compound present at approximately 10 
jjM concentration) in the same assay buffer described above were first prepared. To 

1 5 prepare the plate for MALDI-TOF analysis, a glass plate was machined to give a 10 by 10 
array of circular grooves (2 mm in diameter), and then modified by evaporating a gold 
film on the plate, and assembling a SAM presenting the maleimide groups which were 
then derivatized with the peptide. The mixtures containing LF and either compounds 
were arrayed onto the plate within the circular grooves — which served to control the 

20 spreading of the drop to a constant area — and then incubated for 10 minutes at 37 °C in 
the humidified chamber. The S AMs were rinsed with portions of distilled water, dilute 
hydrochloric acid (1 jjM), distilled water, and absolute ethanol. The SAMs were then 
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treated with matrix (5 % 2,4,6-trihydroxyacetophenone in methanol) and analyzed by 
MALDI-TOF on a Voyager-DE Biospectroscopy mass spectrometer to obtain a mass 
spectrum for each circular region. Figure 5E shows representative MS data for eight of 
the mixtures (a total of 1250 mixtures were assayed). The majority of spots on the SAM 
5 show complete cleavage of the immobilized peptides. Eleven of the spots (approximately 
1%) showed no cleavage or incomplete cleavage of the peptide, indicating the presence of 
an inhibitor in the cocktail. The assay was repeated with each of the eighty-eight 
compounds and found one compound, DS-998, that completely blocked LF activity at 10 
|xM concentration. 

10 

Example 4 - Pull-Down with PMRT 

In certain cases, it is not feasible to use an immobilized substrate to test the 
activity of an enzyme. One reason is that immobilization of the substrate to a solid phase 
may compromise its activity for the enzyme. A second reason is that the enzyme may act 

15 on the immobilized substrate with different kinetics than it does on the corresponding 
soluble substrate. For these reasons, it is important to have assay formats that allow the 
enzyme activity assay to be conducted in solution, with a freely soluble substrate, and 
then to transfer the substrate (whether or not it has been modified by the enzyme) to a 
SAM so that it can be analyzed by MALDI-TOF. Further, when the assay solution is 

20 applied to the SAM, it is important that the substrate be selectively and efficiently 

immobilized to the surface so that purification of the substrate from the enzyme reaction 
mixture can be avoided. A variety of selective immobilization schemes are available for 
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immobilizing the desired substrate from the mixture, including the use of the 
cycloaddition reactions, the reaction of thiols with maleimide, the reaction of cutinase 
with phosphonate ligands, and many others. 

The following example illustrate this strategy with PRMT1, which is the 
5 predominant type I protein arginine methyltransferase that transfers methyl groups from 
S-adenosyl-L-methionine (AdoMet) to proteins. Most PRMT1 substrates contain 
glycine- and arginine-rich sequences that include multiple arginines (X. Zhang and X. 
Cheng, Structure, 11, 509-520, 2003 ). 

A GST fusion of PRMT1 (GST-PRMT1) was expressed from plasmid pGEX-2T- 

10 PRMT1 as described in (W.-J. Lin et al J. Biol Chem., 271 (25), 15034-15044, 1996, J. 
Tang et al J. Biol Chem., 275 (11), 7723-7730, 2000). The peptide GGRGGFGC was 
synthesized using conventional FMOC-solid phase synthesis and used as a substrate for 
the enzyme. This peptide was immobilized to a SAM presenting maleimide groups and 
characterized by MALDI-TOF to show the immobilization of peptide (Figures 6A-C). 

1 5 The immobilized peptides were not efficiently modified by the PRMT1 enzyme. Instead, 
the assay was conducted in solution followed by selective immobilization of the peptide 
ligand to a SAM presenting maleimide groups. 

The maleimide-terminated SAMs were formed as described in the literature (B. T. 
Houseman, E. S. Gawalt and M. Mrksich Langmuir, 2003, 19, 1522-1531). A solution (5 

20 pi) containing the GST-PRMT1 enzyme (at 20 yM concentration) was mixed with a 3 pi 
solution containing AdoMet (purchases from Sigma, total concentration of 5 mM) and 
incubated at 37°C for 1 minute before the peptide ligand was added. The enzyme reaction 



BNSOOCI& <WO___2004005918A2_I_> 



WO 2004/005918 



PCT/US2003/021224 



22 

was initiated by addition of a solution containing the peptide ligand at pH 8.0 in Tris 
buffer to give a final volume of 1 0 jlx! (Figure 6D-F). The final concentrations of GST- 
PRMT1, AdoMet, and the peptide ligand were 10 jaM, 1.5 mM, and 0.5 mM, respectively, 
in 10 nl of the reaction solution. The reaction mixture was incubated at 37 °C for variable 

5 times. To obtain a kinetic profile of the reaction, 0.6 pi of the reaction was removed at 
each of several time points, quenched and then transferred onto the maleimide-presenting 
SAM (within circles, 2 mm in diameter) at each time point and incubated at 37 °C for 20 
minutes for peptide immobilization. The biochip was rinsed with distilled water, dilute 
acid (10 fiM HC1), distilled water and ethanol. This procedure was repeated for each time 

10 point. The SAMs were then treated with matrix (5 % 2,4,6-trihydroxyacetophenone in 
methanol) and analyzed by MALDI-TOF MS to obtain a mass spectrum for each circle 
(Figure 7). The amount of product was quantitated from the intensities of peaks for the 
unmodified peptide ligand and the methylated peptide ligand, and plotted to provide 
kinetic information on the enzymatic reaction (Figure 8). 
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CLAIMS 

1 . A method of characterizing the immobilization of a biomolecule on a self- 
assembled monolayer (SAM) on a biochip comprising the steps of: 

contacting the SAM that is capable of covalently binding the biomolecule with a 
solution comprising the biomolecule, 

rinsing the SAM to remove the solution; 

optionally applying a matrix; and 

analyzing the SAM with matrix-assisted laser desorption / ionization - time of 
flight mass spectrometry (MALDI-TOF MS) to determine the presence of immobilized 
biomolecule. 

2. The method of claim 1, in which the SAM comprises immobilized molecule 
capable of binding the biomolecule. 

3. The method of claim 2, wherein the immobilized molecule capable of binding 
the biomolecule is a carbohydrate ligand. 

4. The method of claim 2, the immobilized molecule capable of binding the - 
biomolecule is a peptide. 

5. The method of claim 2, wherein the SAM further comprises oligo(ethylene 
glycoI)-terminated alkanethiol. 

6. A method of characterizing the enzymatic modification of an immobilized 
ligand using a self-assembled monolayer (SAM) on a biochip and matrix-assisted laser 
desorption / ionization and time of flight mass spectrometry (MALDI-TOF MS) 
comprising the steps of: 

providing a SAM that presents an immobilized ligand capable of undergoing 
enzymatic modification; 

treating the SAM with a solution containing an enzyme; 

rinsing the SAM to remove the solution; 

optionally applying a matrix; and 

analyzing the SAM by MALDI-TOF MS. 
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7. A method of obtaining kinetic data for biological interactions using a self- 
assembled monolayer (SAM) on a biochip and matrix-assisted laser desorption / 
ionization and time of flight mass spectrometry (MALDI-TOF MS) comprising the steps 
of: 

providing a test SAM that presents an immobilized ligand capable of undergoing 
an enzymatic modification; 

providing a control SAM that presents the immobilized ligand; 

treating the test SAM with a solution containing an enzyme for a time sufficient to 
allow the enzymatic modification; 

rinsing the test SAM to remove the solution; 

applying matrixes to each of the test and control SAMs; 

analyzing each of the test and control SAMs by MALDI-TOF MS; and 

comparing the results to obtain kinetic data, 

8. The method of claim 6, wherein multiple test SAMs are provided and exposed 
to the solution comprising the enzyme for differing amounts of time. 

9. A method of detecting enzymatic modification of an immobilized ligand on a 
self-assembled monolayer (SAM) comprising the steps of: 

providing a self-assembled monolayer (SAM) which is inert to the non-specific 
adsorption of biomolecules; 

immobilizing a ligand onto the surface of the SAM to form a ligand-immobilized 

SAM; 

reacting the ligand-immobilized SAM with an enzyme for a time sufficient to 
modify the ligand to obtain a modified ligand-immobilized SAM; 

rinsing the modified ligand-immobilized SAM to remove the excess solution; and 

analyzing the modified ligand-immobilized SAM with matrix-assisted laser 
desorptibn/ionization-time of flight mass spectrometry (MALDI-TOF MS). 

1 0. The method of claim 9, further comprising optionally applying a matrix to the 
modified ligand-immobilized SAM prior to the analyzing step. 
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11. The method of claim 9, wherein the SAM comprises oligo(ethylene glycol)- 
terminated alkanethiol groups. 

12. The method of claim 9, wherein the SAM comprises maimitol-terminated 
alkanethiol groups. 

13. The method of claim 9, wherein the SAM comprises diene-terminated 
alkanethiol groups. 

14. The method of claim 9, wherein the SAM comprises dieneophile-terminated 
alkanethiol groups. 

15. The method of claim 9, wherein immobilizing the ligand onto the surface of 
the inert SAM comprises, contacting the surface of the inert SAM with the ligand and a 
second enzyme which catalyzes formation of a covalent bond between the ligand and the 
surface. 

16. The method of claim 13, wherein immobilizing the ligand unto the surface of 
the inert SAM comprises, contacting the diene-terminated alkanethiol groups with a 
dieneophile. 

17. The method of claim 14, wherein immobilizing the ligand unto the surface of 
the inert SAM comprises, contacting the dieneophile-terminated alkanethiol groups with a 
diene. 

1 8. A method of detecting the enzymatic modification of a ligand comprising the 
steps of: 

reacting a ligand with a first enzyme in solution for a time sufficient to obtain a 
modified ligand; 

contacting the solution containing the modified ligand with the surface of a SAM, 
which is inert to the non-specific adsorption of biomolecules, for a time sufficient to 
obtain a modified ligand-immobilized SAM; 

rinsing the modified ligand-immobilized SAM to remove the excess solution; and 

analyzing the modified ligand-immobilized SAM with matrix-assisted laser 
desorption/ionization-time of flight mass spectrometry (MALDI-TOF MS). 

19. The method of claim 18, further comprising, prior to the' contacting step, 
activating the SAM. 
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20. The method of claim 19, wherein activating comprises electrically, 
photochemically, enzymatically, or chemically modifying the SAM to make it capable of 
reacting with the ligand. 

2 1 . A biochip for use in MALDI-TOF MS comprising: 

a SAM, which is inert to the non-specific adsorption of biomolecules, and 
a matrix. 

22. The biochip of claim 21, wherein the SAM comprises oligo(ethylene glycol)- 
terminated alkanethiol groups. 

23. The biochip of claim 21, wherein the SAM comprises mannitol-terminated 
alkanethiol groups. 

24. The biochip of claim 21, wherein the SAM comprises an immobilized ligand. 

25. The biochip of claim 21 , wherein the SAM comprises an enzyme-modified 

ligand. 

26. The biochip of claim 21, wherein the SAM further comprises 

27. A biochip for use in MALDI-TOF MS, comprising: 

a SAM, which is inert to the non-specific adsorption of biomolecules, and 
a layer overlying the SAM which comprising a plurality of openings. 

28. The biochip of claim 27, wherein the overlying layer contains 96 openings. 

29. The biochip of claim 28, wherein the overlying layer comprises a polymeric 
material. 

30. The biochip of claim 28, wherein the layer overlying the SAM is removable 
from the biochip. 

3 1 . The biochip of claim 28, wherein said the layer overlying the SAM is attached 
to the biochip with a releasing agent 

32. An enzymatic assay kit comprising: 

a biochip for use in MALDI-TOF MS, comprising an immobilized ligand- 
modified SAM, which is inert to the non-specific adsorption of biomolecules, and a layer 
overlying the SAM which comprising a plurality of openings; and 



BNSDOCID. <WO 20040059 1 8A2_I_> 



WO 2004/005918 



PCT/US2003/021224 



29 



an enzymatic solution capable of modifying the immobilized ligand-modified 

SAM. 
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Figure 1. 



I 



if) 
C 
CP 



693.8 



HO HC^ OH HO 




580 



iiu.tnL.i.g.M, i 



734 



888 



1042 



m/z 



B 



t 



CO 

c: 

CD 

-*—» 
c 



H 2 N-NRSHPK 



693.9 




1270.2 



1603.1 

Jl)Jll^ttofaU>,Uj l i,.,.., w tillui..,. ..L, 



1196 610 888 1166 1444 1722 2000 

m/z ► 



BNSDOCID: <W O 200400S91BA2_I_> 



WO 2004/005918 PCT/US2003/021224 

2/8 



Figure 2. 



c 



869.7 



d' N X 



Ac-lYAAPKKK^d O 

IK 



Ac-I YAAPKKKC-N H 2 



HO C 0 c 
r OH 



OH 
O 



O 



1094.6 



11* 



B 

t 



CO 

c 



869.7 



s 

HO ^ 
r OH V-q^O 



OH 



o 



1732.7 

-4— 



2155.7 



700 1040 1380 1720 2060 2400 700 1040 1380 1720 2060 2400 
m/z ► m/z ► 



BNSOOCID: <WO 20040O5916A2j_> 



WO 2004/005918 



3/8 



PCT/US2003/021224 



Figure 3. 




BMSDOCID: <W O 20040059 18A2 1 > 



WO 2004/005918 PCT/US2003/021224 

4/8 



Figure 4. 



A \ 



OH OH 



GalTase, UDP-Gal 
MnCI 2 



ho HQ A ~ H Galactosidase HQ o D H 



1 



CO 

e 



LlLL 



1210.9 



1210.8 



1000 



1200 



m/z 



1373.2 



1400 



^ 



1600 



100 n 
— 80 
5. 60 - 
1 40- 
^ 20 -I * 
0 



5 



1 1 1 i 

10 15 20 25 
Time ( Minutes ) 



BNSOOCIO <WO__20040059iaA2_l_> 



WO 2004/005918 PCT7US2003/021224 

5/8 



j Cleavage site 
Ac-NleKKKKVLP-IQLNAATDKGGC-S^ 0 




B 



Thiol v | / 



Disulfide 



Thiol ^ 



LF 
Disulfide 



i 1 1 r 

1000 2000 3000 4000 

m/z 



/ / / /Au//// 



V 



I 



Solutions of 

LF and compounds 



' t^ S^-» «^ii> S^->'«-^ K^^^l* ^ 



I 



Incubate and rinse 



•,<=>-. <z> c=> ci> ^.;<s>:o::'s^ R2 
v cz> xz> <rr> ^>_o,;«_> <±> .>■" do 
o cr> «->,<=> D >i 
<^> cr> cr=> -o.<s» o <r> IV ' K4 
_____ - R5 

R6 
R7 
R8 

C1 C2 C3 C4 C5 C6 C7 



MALDI 



R1C7 i i 



R2C7 




R3C7 I 




R4C7 

n->rrn 


jlJL. 


R5C7 I 


11^-^1^ uw.lt.aiK*> - ... _ 



R6C7 I [ 




R7C7 
R8C7 



JUL— 



I 1 1 I 

1000 2000 3000 4000 
m/z 



Figure 5 



BNSDOCID: <WO__2004005918A2J_> 



WO 2004/005918 



6/8 



PCT/US2003/021224 



B 



J o 

HN 

, r - O^OH OH 

o o o o o 

o o o o c 
o o o o o 



H 2 N^NH 2 + 



GGRGGFGC 

L 




GGRGGFGC 



////// Au////// 



o o o o cr 



IVT 



1 



1500 



1550 



— r~ 

1600 



1650 



m/z 



Me Me 
GGRGGFGC 



GGRGGFGC 
+ PRMT1 



E 



r 

GGRGGFGC 



cr o or o o 



.M + + 28 



J ° 

HN 

nu r 

HCL > ■ O OH^OH ^ ^ 



L 



i 1 1 1 

1500 1550 1600 1650 



Figure 6 



BNSOOCID: <W O 200400581 8A2J_> 



WO 2004/005918 



7/8 



PCT/US2003/021224 



0 min 
40 min 
80 min 
120 min 
160 min 
200 min 
240 min 
280 min 
320 min 
360 min 
400 min 
440 min 



no-methyl 
(1560) 



mono- 
methyl 
(1560 + 14) 
I 



di-methyl 
(1560 + 28) 



L 



JL 



4. 



L 



1 



1400 



1500 



1600 

.m/z 



1700 



1800 



Figure 7 



BNSDOCID: <WO 2O0400591BA2J_> 



WO 2004/005918 PCT/US2003/021224 

8/8 



100 



75 - 



50 - 



25 — 




O no methyl 
O mono-methyl 
▼ di-methyl 



100 



200 300 

Time, min 



Figure 8 



BNSOOCfD: <W O 2004O059 1 8A2_I_> 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 
Internationa] Bureau 

(43) International Publication Date 
15 January 2004 (15.01.2004) 




1 


llllllllll 


ilium 


in 


ii 


i 


in 


Hill 


inn 



PCT 



(10) International Publication Number 

WO 2004/005918 A3 



(51) International Patent Classification 7 : G01N 33/553, 

33/543, C12Q 1/68 

(21) International Application Number: 

PCT/US2003/02 1 224 

(22) International Filing Date: 7 July 2003 (07.07.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/393*896 



5 July 2002 (05.07.2002) US 



(71) Applicant (for all designated States except US): UNIVER- 
SITY OF CHICAGO [US/US]; 5640 South Ellis Avenue, 
Suite 405, Chicago, IL 60637 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): MRKSICH, Milan 

[US/US]; 414 W. Wisconsin St., Chicago, IL 60614 (US). 
SU,Jing [CN/US]; 5735 S. Ellis Ave., Chicago, IL 60637 
(US). 



(74) Agent: MRKSICH, K. Shannon; Brinks Hofer Gilson & 
Lione, P.o. Box 10087, Chicago, II 60610 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, KU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, 
SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, 
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

[Continued on next page] 



(54) Title: CHARACTERIZATION OF BIOCHIPS CONTAINING SELF-ASSEMBLED MONOLAYERS WITH 
MALD1-TOF-MS 



< 



00 

ON 
IT) 



o 



CO 

c 



693.8 




580 



734 888 

m/z — 



B 



i 



to 
c 
m 



693.9 




/// /Au/ / // 

1270.2 
I 1603.1 
idilllUHiUnhi bL ' 



1042 1196 610 



888 1166 1444 1722 2000 



m/z 



(57) Abstract: The present invention relates to a method of characterizing biochips comprising a self-assembled monolayer (SAM) 
having an immobilized ligand with matrix -assisted laser desorption/ionization and time of flight mass spectrometry (MALDI-TOF 
MS). 



BNSDOCID: <WO__2004O0591BA3_L> 



WO 2004/005918 A3 llllfllHllllllllllilSIIIlIlllllllfllinil 



(88) Date of publication of the international search report: 

6 May 2004 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



BNSOOCIO: <W O 2004QOS9 1 8A3_I_> 



INTERNATIONAL SEARCH REPORT 



Intern 



Application No 



PCT/US 03/21224 



A. CLASSIFICATION OF SUBJECT MATTER , _ 

IPC 7 " G01N33/553 G01N33/543 C12Q1/68 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 G01N C12Q 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, BIOSIS, INSPEC 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 



Citation of document, with indication, where appropriate, of the relevant 



Relevant to claim No. 



B.T. HOUSEMAN, M. MRKSICH: "Carbohydrate 
Arrays for the Evaluation of Protein 
Binding and Enzymatic Modification" 
CHEM BIOL, 

vol. 9, April 2002 (2002-04), pages 
443-454, XP002273879 
cited in the application 
the whole document 



1-32 



J. BUNDY , C. FENSELAU: "Lectin-Based 
Affinity Capture for MALDI-MS Analysis of 
Bacteria" 

ANALYTICAL CHEMISTRY, 

vol. 71, 1 April 1999 (1999-04-01), pages 
1460-1463, XP002273880 
cited in the application 
the whole document 



1,2,4,5, 
21,22,24 



-/- 



LH 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



° Special categories of cited documents : 

'A* document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

•L* document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*O a document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the international filing date but 
later than the priority date claimed 



•T later document published after the international filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

'Y' document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



19 March 2004 



Date of mailing of the international search report 



01/04/2004 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL-2280HVRijswijk 
TeL (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax (+31-70) 340-3016 



Authorized officer 



Komenda, P 



Form PCT/ISA/210 (second sheet) (July 1992) 
BNSDOCID: <WO 2004O059 1 8A3J_> 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Intern*' Application No 

PCT/US 03/21224 



(^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' 



Citation of document, with indicatton.where appropriate, of the relevant passages 



Relevant to daim No. 



Y 

Y 



HOUSEMAN B T ET AL: "Towards quantitative 

assays with peptide chips: a surface 

engineering approach" 

1 July 2002 (2002-07-01), TRENDS IN 

BIOTECHNOLOGY, ELSEVIER PUBLICATIONS, 

CAMBRIDGE, GB, PAGE(S) 279-281 , 

XP004361389 

ISSN: 0167-7799 

the whole document 

M.N. Y0USAF, B.T. HOUSEMAN, M. MRKSICH: 

ANGEW. CHEM. INT. ED., 

vol. 40, no. 6, 2001, pages 1093-1096, 

XP002273881 

cited in the application 
the whole document 



1,6,9, 
18,21 



19,20 
19,20 



W0 02/10759 A (GEDIG ERK ; HAALCK LUTZ 
(DE); INST CHEM0 BI0SENSORIK (DE)) 
7 February 2002 (2002-02-07) 
abstract; example 12 



21 



Form PCT/tSA/210 (continuation oi second sheet) (July 1992) 
BNSOOCtD: <WO 2004005Q1BA3_I_> 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



/ 



matton on patent family members 



Interns 



Application No 



PCT/US 03/21224 



.Patent document 
t ^ted in search report 



Publication 
date 



Patent family 
member(s) 



Publication 



WO 0210759 



07-02-2002 



DE 10036907 Al 

AU 8203401 A 

W0 0210759 A2 

GB 2381482 A 



14-02-2002 
13-02-2002 
07-02-2002 
07-05-2003 



Form PCT/lSA/210 (patent family annex) (July 1992) 
BNSDOCID: <WO 200400591 8A3_I_> 



V 



p 



THIS PAGE BLANK (ospto) 



